The purpose of this study is to characterize daily diabetes self-care behaviors and to evaluate associations among self-care behaviors, psychosocial adjustment, and glycemic control in an understudied sample of emerging adults with type 1 diabetes.
insulin therapy was associated with better glycemic control without corresponding psychosocial distress. Diabetes care behaviors could be improved in this age group, and emerging adults may benefit from targeted education and behavioral support to enhance diabetes self-management and optimize health outcomes. I n the past decade, developmental researchers have reconceptualized the period between adolescence and adulthood as emerging adulthood. 1 Emerging adults are no longer dependent adolescents solely reliant on parents, nor are they fully self-sufficient adults constrained by routinized responsibilities. As a group, they experience considerable instability and change in demographic and living characteristics, financial status, and subjective perceptions of responsibility. 1 Emerging adults with chronic illnesses have the added developmental task of greater responsibility for their health care, 2 and research suggests that self-care behaviors during this critical period may set the stage for enduring adult health outcomes. 3, 4 Type 1 diabetes is one of the most common chronic illnesses of childhood, 5 and daily management requires performance of a complex routine of blood glucose monitoring (BGM), insulin administration, diet management, and physical activity. 6 Emerging adults with type 1 diabetes do not uniformly fit within either pediatric or adult practice recommendations, and considerable variability in individual treatment goals and diabetes management plans exists. National and international consensus guidelines for management of type 1 diabetes broadly recommend flexible insulin regimens when appropriate (eg, multiple daily injections or an insulin pump), BGM at least 4 times daily, and dietary and physical activity practices consistent with healthy guidelines for adolescents and adults (eg, > 50% daily caloric intake from carbohydrates and < 35% daily caloric intake from fats; at least 30 minutes of daily physical activity). [6] [7] [8] [9] [10] In emerging adulthood, a primary developmental task is the integration of these behaviors into an evolving lifestyle while achieving a more stringent hemoglobin A1C goal of < 7.0%. 6, 9 In 2011, the American Diabetes Association published a position statement on the transition from pediatric to adult diabetes care for emerging adults with type 1 diabetes. The position statement highlighted risks present in this population, including poor glycemic control, increased acute complications, and psychosocial risks. 11 Studies find that less than 20% of emerging adults meet recommended A1C targets 12 and emerging adults evidence increased rates of hospitalization, long-term complications, and weight gain. 3, [13] [14] [15] Thus, current research suggests that emerging adults may not engage in optimal daily self-care behaviors to effectively manage type 1 diabetes and maintain health. However, surprisingly little data exist to characterize the daily self-management behaviors of emerging adults, including BGM, dietary characteristics, and physical activity practices.
In addition to description of self-care behaviors in emerging adults, evaluation of demographic and psychosocial variables that may influence diabetes care behaviors can provide a better understanding of self-care issues in this population. Compared to normative samples, the majority of emerging adults with type 1 diabetes do not endorse elevated rates of psychopathology or psychological distress, 16, 17 but longitudinal research suggests that depression and other psychiatric symptoms present in adolescence often persist into young adulthood 18 and interact with self-care behaviors to influence health outcomes. 3, 13, 16 In addition, insulin regimens may relate to daily self-care behaviors and psychosocial adjustment. For example, use of an insulin pump is associated with greater distress for some emerging adults, 19 although this finding is not universal. 16, 20 Systematic evaluation of daily self-care behaviors and related psychosocial functioning in a sample of emerging adults is needed to better understand risk factors associated with poorer health outcomes.
Given the lack of studies with emerging adults, this cross-sectional descriptive study was designed to characterize daily diabetes self-care behaviors in emerging adults with type 1 diabetes within the context of national and international disease care standards. Also evaluated were demographic associations among self-care, psychosocial adjustment, and glycemic control to enhance understanding of factors related to better health behaviors and outcomes.
Methods

Research Design
Little research exists on factors related to diabetes health outcomes in emerging adults with type 1 diabetes 11 ; thus an exploratory, descriptive research design was employed. A necessary first step entails description of disease self-care behaviors and exploration of their potential correlates, including demographic characteristics and psychosocial functioning, to enable the nextgeneration studies of hypothesis testing.
Sample and Setting
Emerging adults with type 1 diabetes were recruited over a 1-year period via posted flyers on college campuses, weekly city newspaper listings, and a diabetes summer camp within the catchment area of 2 tertiary university pediatric diabetes centers. A total of 50 individuals agreed to participate and were identified as eligible via initial telephone screening. Complete data were available for 98% of the 50 eligible participants (n = 49). One participant declined to complete some of the psychosocial questionnaires. Eligible participants included emerging adults between 18 and 26 years of age who were diagnosed with type 1 diabetes for at least 6 months, were fluent in English, and were free from severe disease complications and other major medical conditions. Participants received $30 compensation plus delayed feedback of hemoglobin A1C results after completion of the study protocol. 21 Approval from appropriate institutional review boards was obtained along with written informed consent for all participants.
Procedure
After initial telephone screening to confirm eligibility, participants were met in a laboratory setting to obtain informed consent, height, weight, A1C, and the first of two 24-hour diabetes interviews about self-care behaviors. Participants were given a packet of demographic and psychosocial questionnaires to complete and return via a study-provided stamped envelope. Doctoral-level psychology trainees knowledgeable about type 1 diabetes management completed 24-hour diabetes interviews with each participant to assess self-care behaviors over the previous day. Initial interviews were conducted in person, and follow-up interviews were usually conducted via telephone. Interviews were separated by 2 weeks to increase the likelihood that representative daily behaviors were sampled. Before an interview began, participants were asked if events during the preceding day were "typical" of their usual care. If not, an interview was conducted later. Glycemic control was assayed on 2 occasions, separated by 4 weeks with a 1-time-use, disposable HbA1cNow ™ kit. 22
Measures
Self-Care
The 24-hour diabetes interview 23, 24 documented frequency of disease self-care behaviors. Recall interviews have been successfully used with adolescents and emerging adults to assess diabetes care behaviors 25 and diet and physical activity. 26 Participants were interviewed twice over 2 weeks to obtain a representative assessment of self-care behaviors. Interviews inquired about all diabetes relevant behaviors-BGM, insulin administration, diet, and physical activity-from the previous 24-hour period, beginning with awakening and temporally progressing through the day. For the purposes of this study, frequency of BGM, eating, and physical activity were studied as indicators of self-care behaviors along with diet composition (ie, percentage of carbohydrates and fats consumed). Frequency behaviors related to BGM, eating, and physical activity are most reliably assessed 23, 26 and typically have greater variability than injection frequency. 27 Test-retest reliability coefficients were acceptable for most behaviors, including BGM frequency (0.74) and physical activity frequency (0.49); reliability coefficients were weaker for dietary variables, including meal/snack frequency (0.19), indicating greater variability in eating behaviors.
Demographic Characteristics
Demographic and medical characteristics were reported via a brief self-report questionnaire. The Hollingshead Four Factor Index 28 was used to determine socioeconomic status (SES) based on parental occupation and education for financially dependent participants (82%) or personal occupation and education for financially independent participants (18%).
Psychosocial Adjustment
The Brief Symptom Inventory 29 is a 53-item selfreport measure of distress, rated on a 5-point Likert scale. The Global Severity Index of the Brief Symptom Inventory combines information about number of symptoms and their perceived intensity. Raw scores are transformed to standardized T scores; higher scores indicate greater perceived distress (T scores, 50 ± 10). The Global Severity Index has strong psychometric properties, and internal consistency estimates were excellent in the current sample (Cronbach α = 0.96). The Diabetes Quality of Life 30 measure is a 46-item self-report measure rated on a 5-point scale that measures subjective experience of diabetes care and treatment. The Diabetes Quality of Life measure demonstrates strong internal consistency and good convergent validity with measures of psychosocial well-being and disease adjustment. 31 Internal consistency in this sample was good (Cronbach α = 0.88). Raw scores are converted to a 100-point scale; 0 represents lowest quality of life, and 100, highest. 32
Glycemic Control and Biometric Status
Glycemic control was assessed with a 1-time use, disposable HbA1cNow ™ kit, 22 which is certified by the National Glycohemoglobin Standardization Program to provide standardized assay results comparable to those of the landmark Diabetes Control and Complications Trial (A1C reference range, 4%-6%). A1C values generally represent glycemic control over the past 6 to 12 weeks but are weighted toward the most recent 3 to 4 weeks. 33 Thus, 2 A1C readings separated by a 4-week interval were averaged to serve as an indicator of mean glycemic control. Height and weight also were measured at each site, and body mass index (BMI) was calculated for each participant.
Statistical Analyses
Means, standard deviations, and ranges for daily selfcare behaviors were calculated to characterize the sample's diabetes self-care behaviors. Mean psychosocial adjustment scores and glycemic control (A1C) also were calculated. Correlations assessed relations among daily self-care variables (frequency of BGM, eating and physical activity, diet composition), psychosocial characteristics, and glycemic control. Based on significant correlates, a linear regression analysis evaluated the relation of diabetes self-care behaviors with glycemic control.
Results
Sample Demographic and Medical Characteristics
The majority of the participants were women (65%), and the age range was 18.0 to 26.7 years (20.6 ± 1.9). Age of onset ranged from 2.3 to 21.8 years, with an average disease duration of 10 years (10.4 ± 3.9). Average BMI was in the upper end of the normal range (healthy adult BMI range, 18.5-24.9; sample, 24.9 ± 3.4). Thirtythree percent of participants had BMIs in the overweight range (25.0-29.9), and 8% of participants had BMIs in the obese range (≥ 30.0). The majority of participants were from middle-class families.
Nine participants (18%) reported conventional treatment (≤ 2 injections), and 40 participants (82%) reported intensive treatments (insulin pump, n = 25; multiple daily injections, n = 15). As the basal-bolus and pump therapy groups did not differ on key demographic, medical, or self-care variables, a dichotomous variable was created that consisted of conventional versus intensive treatment. See Table 1 for detailed sample characteristics.
Characterization of Daily Self-Care Behaviors Blood Glucose Monitoring
BGM frequency ranged from 0 to 5 times daily, and participants reported an average of 2.6 checks per day. Across 2 self-care interviews, 31% of emerging adults performed BGM 4 or more times daily. In comparison, 31% averaged BGM 3 times daily; 20% averaged 2; 12% averaged 1; and 6% reported not monitoring blood glucose at all in two 24-hour diabetes interviews. Fourteen percent of the sample reported no BGM in one or the other 24-hour period assessed.
Dietary Characteristics
Meal frequency and diet composition varied considerably across participants. Average eating frequency ranged from 1.5 to 6.5 meals/snacks per day, with an average of 3.8. Most participants (74%) consumed 4 or more meals/snacks per day. On average, participants reported a daily intake of 1907.4 calories. Carbohydrates composed 44.3% ± 10.7% of daily caloric intake, and fats, 35.7% ± 8.2%.
Physical Activity
Forty-one percent of participants engaged in physical activity at least once daily. Mean duration of physical activity was 29.6 ± 40.8 minutes per day; 55% of those individuals who engaged in physical activity did so for an average of 30 minutes or more.
Comparison With National and International Recommendations for Self-Care
Less than one-third of the sample demonstrated selfcare behaviors consistent with national and international recommendations in domains of BGM frequency, 31% (n = 15); carbohydrate and fat dietary composition, 29% (n = 14); or physical activity, 22% (n = 11). Few participants reported meeting recommendations for self-care behaviors in more than 1 domain (eg, met BGM and physical activity recommendations), and only 1 participant (2%) reported meeting self-care recommendations in all 3 domains.
Psychosocial Adjustment
Average scores on the Global Severity Index of the Brief Symptom Inventory indicated that emotional wellbeing was appropriate for the group (T score, 53.6 ± 10.6); only a small number of participants (n = 3) had elevated scores indicative of psychological distress (Global Severity Index, T score > 70). Average scores on the Diabetes Quality of Life measure revealed positive perceptions of diabetes self-care and experience for the group (score, 67.8 ± 9.7).
Glycemic Control
On average, participants demonstrated suboptimal glycemic control (8.3% ± 1.6%). Eighty percent of A1C values were above the recommended level of 7.0% for adults. 6, 9 
Correlates of Daily Self-Care Behaviors
To enhance understanding of predictors of daily self-care behaviors in emerging adults, correlational analyses evaluated associations among self-care behaviors, demographic features, psychosocial adjustment, and glycemic control.
Demographic and Disease Associations With Self-Care Behaviors
Age and sex were not significantly associated with frequency of self-care behaviors. White participants, r(49) = 0.29, P < .05, and participants with higher SES, r(49) = 0.32, P < .05, performed more frequent BGM. Use of an intensive insulin regimen also was associated with more frequent BGM, r(49) = 0.48, P < .01. Disease duration was associated with eating frequency, indicating that participants with longer diabetes duration ate more frequently, r(49) = 0.33, P < .05. Disease duration was also associated with diet composition, and longer disease duration was associated with consuming more calories from carbohydrates, r(49) = 0.39, P < .01, and fewer calories from fats, r(49) = −0.37, P < .05. Interestingly, BMI was not associated with BGM, meal/snack frequency, total calories, diet composition, exercise frequency, or type of insulin regimen. See Table 2 for correlations. Unlike most studies of diabetes management, demographic variables such as SES were not associated with glycemic control. Use of intensive insulin therapy was associated with better glycemic control, r(49) = −0.49, P < .01. Additionally, a trend indicated that more frequent BGM was associated with better glycemic control, r(49) = −0.26, P = .07.
Psychological Well-Being and Quality of Life
Correlations revealed that psychological well-being and quality of life were not significantly related to demographic, medical, or diabetes self-care variables in this sample. However, better psychological well-being on the Brief Symptom Inventory correlated with more favorable diabetes quality of life on the Diabetes Quality of Life, r = −0.33, P < .05.
Self-Care Predictors of Glycemic Control
To further evaluate the relation between self-care behaviors and glycemic control, a linear regression was conducted using significant correlates as indicators of glycemic control. Using insulin regimen and BGM frequency as predictors, the overall model accounted for 24% of the variance in glycemic control, F(2, 46) = 7.21, P < .05. Insulin regimen was the only significant indicator, β = −1.87, t(46) = −3.22, P < .01; use of intensive treatment related to better glycemic control.
Discussion
Results highlight sample heterogeneity that is consistent with the theoretical conceptualization of emerging adulthood in terms of demographic, psychosocial, and medical characteristics. Emerging adults demonstrated considerable variability in self-care behaviors, and only a small portion reported sufficiently frequent self-care behaviors consistent with national and international recommendations. 6, 9 Despite suboptimal disease care, most postadolescents in this sample endorsed healthy psychological adjustment and positive quality of life. Furthermore, psychosocial functioning was unrelated to type 1 diabetes self-care. The majority of the sample used intensive insulin therapy composed of basal-bolus or pump insulin regimens that related to more BGM and better glycemic control. Importantly, the glycemic benefits of intensive insulin regimens occurred without a corresponding cost in psychological status, as the majority of emerging adults in this sample endorsed healthy psychological adjustment and positive quality of life. These results support recommendations for flexible intensive insulin regimens despite the diversity of self-care behaviors that were found. 34, 35 While the financial costs of an insulin pump may be prohibitive, use of a flexible regimen of multiple daily injections is a viable alternative. 36 However, since most emerging adults demonstrated suboptimal self-care, additional interventions beyond intensive insulin regimens are needed.
Given the variability and change that characterize the developmental transition from adolescence to young adulthood, it is not surprising that emerging adults in this sample demonstrated considerable variability in BGM frequency, eating frequency, diet composition, physical activity, and glycemic control. It is concerning, however, that few participants demonstrated self-care behaviors consistent with national and international recommendations, especially given the generally middle-class background. Across two 24-hour periods, consistent with recommendations, only 31% of participants averaged 4 or more daily blood glucose checks 9 ; 29% averaged appropriate diet composition (ie, > 50% calories from carbohydrates and < 35% calories from fats) 10 ; and 22% engaged in daily physical activity for ≥ 30 minutes. 8 Only a small percentage of those emerging adults demonstrated optimal self-care across more than 1 behavioral domain (eg, both BGM and physical activity). Furthermore, just 20% achieved an average A1C at or below the recommended 7%, 6, 9 and 41% were overweight or obese. These findings add to the literature of higher A1C levels and weight concerns among emerging adults with type 1 diabetes, 4, 37 and self-care behaviors could be improved within this age group.
Few demographic or medical correlates were associated with daily self-care behaviors. Caucasian participants and those from higher SES families engaged in more frequent BGM. Ethnic minority status and lower family income are known risk factors for poorer adherence in adolescence, 35 and they also appear related to self-care in emerging adults. However, SES was not related to glycemic control in this sample. Thus, it is possible that family income is not as meaningful for emerging adults as they transition to independence and move out of the family home. Emerging adults with longer disease duration reported eating more meals/snacks during the day, consistent with other samples. 38 Longer disease duration was also associated with healthier dietary composition, including a greater percentage of daily caloric intake from carbohydrates and a lower percentage of daily caloric intake from fats. Taken together, these findings suggest that eating more consistent meals/snacks throughout the day may be adaptive for this population, particularly if attention is paid to nutrition information. 39 Many emerging adults in the present sample endorsed positive diabetes quality of life, which suggests general satisfaction or minimal impact of diabetes management demands; similar results have been reported in samples of adults with type 1 diabetes. 32 Most emerging adults also reported healthy psychological well-being, which was unrelated to suboptimal self-care behaviors. Psychological health is notable in light of complex disease management demands and developmental challenges inherent in the shift from adolescence to young adulthood. Consistent results are reported in demographically similar crosssectional 17 and longitudinal 40 samples. Normative psychological status should be considered promising, as other research with emerging adults in their 20s finds less favorable outcomes and increased psychiatric morbidity. 3, 4 Future research should evaluate other potential modifiable risk factors that may influence treatment adherence and self-management in this population, including poor executive function or planning skills and time management demands unique to emerging adults. 15, 41 Limitations Several potential limitations should be considered in drawing inferences from present results. A larger sample could have provided additional statistical power beyond these initial descriptions of diabetes care behaviors and glycemic control. Furthermore, the majority of participants used an intensive insulin regimen and reported healthy psychosocial functioning. A more heterogeneous sample may have detected additional relations between type 1 diabetes self-care and psychosocial adjustment. However, sampling emerging adults can be challenging, as this population must transition from pediatric to adult care providers and lengthy gaps between medical visits can occur or patients may be lost to follow-up. 2 Information about health care status and frequency of diabetes clinic visits was not obtained. Comparison of health care behaviors between emerging adults currently connected with a health care provider and those who are not could be a key predictor of self-care behaviors to examine in future studies. The sample also consisted of predominantly white, financially dependent emerging adults; future studies may benefit from sampling emerging adults with diverse life trajectories, including those who work full-time or live independently. Future studies could measure development and progression of disease complications (particularly apropos in an emerging adult sample such as this one) in addition to glycemic control. Similarly, psychological screening may be improved with use of a diagnostic interview in addition to selfreport measures. 42 
Conclusion
In the current sample, the majority of emerging adults reported healthy psychosocial functioning. However, type 1 diabetes self-management behaviors were inconsistent with national and international guidelines, with the majority of participants performing fewer blood glucose checks and less physical activity than recommended. Additionally, as noted in other studies, glycemic control was relatively poor in this sample. 43 Diabetes self-care behaviors could be improved within this age group.
This exploratory investigation of daily diabetes care behaviors in a sample about whom relatively little is known points to avenues for future investigation and intervention. Additional research is needed to identify unique barriers to treatment adherence and evaluate behavioral and educational interventions to improve health outcomes and support autonomy in type 1 diabetes self-care. Future research could further explore perceived burden of disease management and the impact of emergent treatment technology (eg, continuous glucose monitoring) that may minimize barriers and enhance disease management. The use of the 24-hour diabetes interview with this population supports the descriptive usefulness of detailed data on daily care behaviors; additionally, since this interview can be administered over the telephone, data collection with a traditionally mobile population is enhanced.
Implications for Diabetes Educators
Emerging adulthood is a critical developmental period during which optimal self-care behaviors may become lifelong habits and increase the odds for a healthy longterm prognosis. 2 Recent American Diabetes Association recommendations for care of emerging adults with type 1 diabetes suggest that diabetes educators directly address diabetes self-management skills with emerging adults and assist parents with gradually shifting responsibility for care to their emerging adults. 11 Emerging adults also may benefit from guidance on incorporating self-care behaviors into busy schedules to reduce acute and chronic complications. Finally, educators should remain cognizant that psychosocial adjustment may demonstrate complex associations with diabetes self-care behavior and regularly assess psychosocial functioning, including identification of maladaptive eating behaviors or mood concerns.
Development, implementation, and evaluation of psychoeducational interventions designed to specifically address the maturational and medical transition from adolescence to adulthood also is desirable. At a minimum, assessment and enhancement of self-care skills in emerging adults are needed to promote better adherence to a diabetes regimen. These recommendations have the potential to promote change and inform better clinical care of emerging adults with type 1 diabetes.
